Abstract The aim of this study is to investigate whether work-related stress symptoms in midlife are associated with a number of mobility limitations during three decades from midlife to late life. Data for the study come from the Finnish Longitudinal Study of Municipal Employees (FLAME). The study includes a total of 5429 public sector employees aged 44-58 years at baseline who had information available on work-related stress symptoms in 1981 and 1985 and mobility limitation score during the subsequent 28-year follow-up. Four midlife work-related stress profiles were identified: negative reactions to work and depressiveness, perceived decrease in cognition, sleep disturbances, and somatic symptoms. People with a high number of stress symptoms in 1981 and 1985 were categorized as having constant stress. The number of self-reported mobility limitations was computed based on an eight-item list of mobility tasks presented to the participants in 1992, 1997, and 2009. Data were analyzed using joint Poisson regression models. The study showed that depending on the stress profile, persons suffering from constant stress in midlife had a higher risk of 30-70 % for having one more mobility limitation during the following 28 years compared to persons without stress after adjusting for mortality, several lifestyle factors, and chronic conditions. A less pronounced risk increase (20-40 %) was observed for persons with occasional symptoms. The study suggests that effective interventions aiming to reduce work-related stress should focus on both primary and secondary prevention. AGE (2014) 36:9722 
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Introduction
Mobility refers to a person's self-reported or observed ability to move independently from one place to another within the environment (Shumway-Cook et al. 2005) . In the International Classification of Functioning, Disability and Health (ICF), components of mobility include walking and moving; changing and maintaining body position; carrying, moving, and handling objects; and moving around using transportation (World Health Organisation 2001) . Mobility declines with increasing age, and both intrapersonal and environmental risk factors for incident mobility limitations have been identified, including chronic diseases, physical inactivity, poor muscle strength, sensory impairments, and indoor and outdoor environment (Brown and Flood 2013; Rantakokko et al. 2013; Yeom et al. 2008) . Also, psychosocial symptoms, such as depression earlier in life (Hybels et al. 2009 ) and lower social participation (Avlund et al. 2004) , are linked to old age mobility limitations. However, longitudinal studies investigate the relation between stress-related symptoms present already in midlife and incident mobility limitations are still lacking.
Stress related to work can be defined as a "pattern of physiological, emotional, cognitive and behavioral reactions to some extremely taxing aspects of work content, work organization and work environment" (Houtman et al. 2007 ). Work-related stress is a common experience among middle-aged people with an estimated prevalence of nearly 30 % among adult workers in Europe (Houdmont et al. 2010) . It is known that low job control, high job demands, and low work-related social support, which are common causes of stress (Nieuwenhuijsen et al. 2010) , are cross-sectionally associated with poor health status and also predict subsequent functional decline (Cheng et al. 2000; Wahrendorf et al. 2012) . Also, several musculoskeletal complaints are cross-sectionally linked to perceived low co-worker support, low job control, and role conflicts at the work place, which are acknowledged risk factors for stress (Eatough et al. 2012; Mehta and Parijat 2012; Toivanen 2011) .
We have previously shown that stress symptoms in midlife predict self-care disability (ADL) and instrumental activities of daily living (IADL) disability in old age (Kulmala et al. 2013) . Some other prospective studies have reported significant associations between psychosocial stressors and development of musculoskeletal problems, but the follow-up periods in those studies have been relatively short (Kraatz et al. 2013; Lang et al. 2012) . Previous studies with follow-up periods of 10 years or more have suggested that workrelated stress (Brage et al. 2007 ), low job control (KailaKangas et al. 2004) , and mental overstrain (Leino and Hänninen 1995) may lead to musculoskeletal pain and hospitalization, sickness absence, rehabilitation, or disability pension due to musculoskeletal disorders. Still, there are no studies investigating the effect of midlife work-related stress on mobility outcomes using a follow-up period extending up to several decades. Further, the unavailability of intermediate time points in previous studies has not allowed the researchers to take into account the loss to follow-up, for example, due to mortality potentially leading to underestimation of the predictive power of the independent variable. This study fills this gap by investigating work-related stress symptoms in midlife and their association to the number of mobility limitations at the latest available measure during the 28-year follow-up. In this study, we aim to take into account several lifestyle factors and mortality as a competing risk for mobility decline. As mobility limitations usually precede incident disability, we hypothesize that in the pathway from work-related stress to severe old age, disability mobility limitations may be an intermediate and potentially preventable phase.
Methods

Participants
The data for this study come from the Finnish Longitudinal Study on Municipal Employees (FLAME), which was initiated by the Finnish Institute of Occupational Health and targeted 7344 individuals aged 44-58 years at baseline in 1981. Four-year follow-up data were collected in 1985 (n=5556) (Ilmarinen et al. 1991; Tuomi et al. 1997; von Bonsdorff et al. 2011) . The study population includes 5429 persons (3108 women and 2321 men) who had information available on workrelated stress symptoms in 1981 and 1985 and a number of mobility limitations during the follow-up (74 % of target population). The study was approved by the Ethical Committee of the Finnish Institute of Occupational Health, and the research was conducted in accordance with the Helsinki Declaration.
Measures
Work-related stress symptoms
Work-related stress symptoms were assessed with postal questionnaires at baseline in 1981 and 4 years later in 1985 (Elo et al. 1992; Huuhtanen et al. 1997; Kulmala et al. 2013) . The participants were informed that the purpose of the FLAME study was to assess health, work ability, and working conditions, and they were advised to consider their responses from this perspective. The stress questionnaire used in this study was constructed for the present study by a panel of occupational health experts at the Finnish Institute of Occupational Health using the best knowledge available in the late 1970s and early 1980s when the study was launched. We have previously reported the analytical process underlying the identification of the four midlife stress profiles in detail (Kulmala et al. 2013 ). Briefly, negative reactions to work and depressiveness included self-reported urge to stay home instead of going to work, lack of energy and vitality, inability to enjoy daily life, inclination to be off work without reason, general reluctance, gloomy outlook for the future, and depression (each symptom was measured using five-point Likert-type scale (range 0-4), total range in this profile 0-28 with higher scores indicating more stress). Perceived decrease in cognition included difficulty remembering, remembering that requires effort, and blackouts (range 0-12). Sleep disturbances included difficulty falling asleep, several awakenings during the night, and difficulty falling asleep after awakenings (range 0-12). Somatic symptoms included chest pain, stomachache, and dizziness (range 0-12). Persons with a stress score in the lowest tertile in 1981 and 1985 were categorized as having no stress. Those whose score was in the highest tertile in both 1981 and 1985 were categorized as having constant stress, while all others were considered to have occasional stress.
Mobility and mortality
Mobility limitations were assessed by self-reported questionnaires in 1992, 1997, and 2009. The participants' latest available measure was used in the analyses.
In the International Classification of Functioning, Disability and Health (ICF), "activities and participation" component, the "mobility" chapter includes four sets of categories: walking and moving; changing and maintaining body position; carrying, moving, and handling objects; and moving around using transportation. The eight mobility questions in this study covered three of these four sets of categories. Walking and moving included information on walking 2 km, running 100 m, and climbing three flights of stairs; changing and maintaining body position included information on squatting down and standing up again and bending down deep (e.g., to reach the feet); and carrying, moving, and handling objects included information on lifting and carrying heavy loads of more than 10 kg, performing precise movements with hands and fingers (e.g., potato peeling, using a screwdriver) and lifting hands over the head. Data were collected on the levels of difficulty encountered while performing the respective activity. If participants reported to have "no difficulty," they scored 0, and if they reported to have at least "some difficulty," they scored 1 in the respective item. A summary score was then calculated, ranging from 0 (no difficulty in any activity) to 8 (at least some difficulties in all activities) (Hinrichs et al. 2014 ). This score does not include any grading of severity within the single items, but the simplicity of counting the number of difficulties has proven its worth in a number of previous studies on functional limitations (Lawrence and Jette 1996; Lee et al. 2012; Netuveli et al. 2006 ). The cohort was followed for mortality between 1 January 1985 and 31 July 2009. Mortality data were received from the Finnish National Population Register. Table 1 shows the mobility limitation data available for each follow-up.
Baseline covariates
Data on baseline covariates were collected using a selfreport questionnaire in 1981. Leisure time physical activity during the previous year was categorized into the following levels: inactive, moderate (at least some form of exercise once or less a week), and vigorous (brisk exercise once or more a week). Occupational status (blue-collar, e.g., maintenance work, home care, cleaning, nursing assistant; lower white-collar, e.g., transport work, dental care, nursing; and upper whitecollar, e.g., administrator, physician, teacher) was defined as the participants' position of employment at baseline (Ilmarinen et al. 1991) . Net family income was categorized into ≤3400 vs. >3400 Finnish markka (∼570 €). Also, elicited at baseline were alcohol consumption (never, once or twice a month, once or more per week) and smoking (never smoked, former or current smoker). Self-reported chronic conditions included physician-diagnosed musculoskeletal diseases (e.g., arthritis, degenerative diseases of the back and extremities), heart and circulatory diseases (e.g., hypertension and angina pectoris), respiratory diseases (e.g., chronic obstructive pulmonary disease and asthma), cancer, and diabetes. Chronic conditions included also obesity, which was defined as a body mass index (BMI) of ≥30 kg/m 2 .
Statistical analysis
Baseline characteristics of men and women are reported in mean values and standard deviations for continuous variables and percentage distributions for categorical variables. Statistical differences were tested with independent samples t test for continuous variables and chisquare tests for categorical variables. Descriptive statistics were computed in SPSS Statistics for Windows Version 19.0 (IMB Corp., Armonk, NY, USA).
Survival time was calculated as the interval (number of days) from 1985 examination to death or final followup. The mixed Poisson model was used for the outcomes of mobility and mortality, where a random effect U adjusts for the frailty-type dependency between the two outcomes. We can write the logarithm of mobility limitation risk and mortality hazard, respectively, as
where γ are the vectors of regression coefficients for the mobility limitation outcome and β is the vector of mortality risk regression coefficient. We assumed the random effect to be normally distributed with mean zero and variance estimated from data. In model 1, the mobility outcome was adjusted for age, and the hazard component was not included. We included the hazard component in model 2 to address the competing risk of mortality for mobility limitations, both of which were adjusted for leisure-time physical activity, occupational class, income, smoking, alcohol consumption, and chronic diseases. We report model effects as incidence rate ratios (IRRs) with 95 % confidence intervals (CIs) using no symptoms as the reference. The model parameters were estimated in Mplus Version 7 (Muthen & Muthen, Los Angeles, CA, USA).
Results
Participants' age at baseline ranged from 44 to 58 years with a mean age of 50.4 (SD 3.6), and 57.2 % were women. Baseline characteristics for men and women are reported in Table 1 . The proportion of participants reporting no stress in midlife ranged between 21.3 and 31.2 %, while the proportion of those with constant stress ranged between 13.4 and 23.3 %, depending on gender and the stress profile. Women reported to have less constant symptoms in perceived decrease in cognition (p<0.001) but more sleep disturbances (p=0.011) than men. Minor gender differences were also observed in negative reactions to work and depressiveness (p= 0.033) ( Table 2 ). The mean follow-up time was 9453 days. The latest available mobility data, ascertained in 1992, 1997, or Of the 5429 persons in this study, 30.1 % (1632 persons) died during the follow-up. Those who died were older at baseline (mean 51.5, SD 3.6, vs. mean 49.9, SD 3.4; p<0.001), more often men (58.7 vs. 35.9 %, p<0.001), current or former smokers (58.7 vs. 36.6 %, p < 0.001), blue-collars (56.9 vs. 38.5 %, p<0.001), and more likely to be physically inactive (10.5 vs. 6.7 %, p<0.001) and had more chronic diseases compared to the survivors. Persons who died also reported to have more constant stress in midlife.
Work-related stress in midlife predicted a higher number of mobility limitations during the follow-up, presented in Table 3 . Men and women who suffered from occasional stress in midlife had 20-40 % higher age-adjusted IRR for each unit increase in the mobility limitation score compared to participants with no stress, depending on the stress profile. Constant stress increased the age-adjusted IRR for mobility limitation by 40-100 % in men and 50-70 % in women, depending on the profile. The highest age-adjusted IRR for mobility limitation was observed among men and women, who had suffered from constant somatic symptoms in midlife. When the models were additionally adjusted for leisure-time physical activity, occupational class, income, smoking, alcohol consumption, and chronic diseases and the model also included the hazard component to address mortality as a competing risk for mobility limitations, the IRRs did not significantly change. The associations between all types of constant work-related stress in midlife and mobility limitation in old age remained statistically significant (Table 2 ). In joint Poisson regression models, where mobility, lifestyle factors, and comorbidities were taken into account, stress did not predict higher mortality in men or in women.
For 253 men and 411 women, the latest available measure of mobility limitation score was found to be lower than that at some earlier point during the followup, meaning that they had suffered from more severe mobility difficulties during the follow-up but then subsequently recovered. To investigate the effect of this on the results, we conducted sensitivity analyses excluding these persons. There were no significant changes in the estimates (results not shown).
Discussion
This study showed that work stress in midlife is associated with an increased risk of mobility limitation during the following three decades. The highest risks for subsequent mobility limitations were found for men and women, who reported to have constant negative reactions to work and depressiveness or constant somatic symptoms in midlife. All investigated associations were significant for both men and women. Work-related stress was not associated with higher mortality when chronic conditions, mobility, and several lifestyle factors were taken into account.
Previously, we have shown that stress symptoms in midlife increased the likelihood of difficulties in basic activities in daily living as well as in more demanding instrumental activities of daily living and walking 2 km (Kulmala et al. 2013) . The present study is in concordance with these previous associations and further expands the knowledge about the adverse effects of stress on old age physical functioning and mobility.
Although several studies have reported that workrelated mental stress is associated with poor health and musculoskeletal complaints in cross-sectional studies (Barzideh et al. 2013; Sembajwe et al. 2013) , longitudinal studies using mobility-related outcomes are scarce. It has been shown that high job demands, low job control and social support, as well as job strain are associated with the development of neck and/or shoulder disorders (Kraatz et al. 2013 ). Additionally, psychosocial stressors have significant effects on the development of musculoskeletal problems in longitudinal studies with follow-ups ranging from 1 to almost 30 years (Lang et al. 2012) . However, to the best of our knowledge, this is the first study reporting on work-related stress in midlife in relation to mobility limitations over the following three decades.
Several mechanisms may explain the association between stress and incident mobility limitations. Mental stress causes neuromuscular tension and correlates with musculoskeletal complaints, such as pain (Kopec and Sayre 2004) . In crosssectional studies, perceived pain was found to be associated with poorer physical functioning (Lihavainen et al. 2010) , and perceived pain also predicts subsequent disabilities (Hughes et al. 1994) . Stress is also associated with cardiovascular risk factors, such as higher smoking rates and metabolic indicators including higher blood cholesterol and glucose levels (Vrijkotte et al. 1999) , and thus consequently with incident cardiovascular disease (Greenwood et al. 1996) and diabetes (Nyberg et al. 2013 ). These chronic conditions significantly influence mobility (Brown and Flood 2013) . Also, higher inflammation levels and impaired immunity functions have been observed among stressed individuals (Emeny et al. 2013) . Inflammation may predispose to subsequent mobility limitations, for example, through its adverse effects on the cardiovascular system (Emeny et al. 2013) . Stress has also been linked to several adverse health behaviors (Lallukka et al. 2008; Nyberg et al. 2013) . Besides the previously mentioned higher smoking rates, it has been reported that persons suffering from work-related stress are physically less active and more frequently obese compared to nonstressed persons (Nyberg et al. 2013) . The association between midlife obesity and old age mobility limitations, mainly due to joint degeneration and pain, is well acknowledged (Vincent et al. 2010) . Also, dietary factors may mediate the association, since stress may be associated with an unhealthier diet (Ng and Jeffery 2003) , which is a risk factor for mobility limitations (Milaneschi et al. 2010) . Although we adjusted the analyses for several chronic conditions and lifestyle factors, we cannot completely rule out the possibility that other unfavorable lifestyle factors not measured in this study, including other aspects of socioeconomic status, dietary factors, or others, may partly explain the association. Thus, the mechanisms explaining the association observed in the present study warrant further investigation.
The association between work-related stress and allcause mortality was not significant after adjusting for several confounding factors. Similar results have been presented by Hange et al. (2013) who did not find a relationship between stress and mortality in a 37-year follow-up, although contrasting results have been presented (Ahola et al. 2010) . Although our results suggested that constant perceived decrease in cognition was associated with lower mortality, these estimates should be interpreted cautiously due to a limited number of participants in the subgroups.
Strengths of this study include a large study population and follow-up period extending up to nearly 30 years. We were also able to identify persons with occasional and constant stress, which provided additional information about a dose-response association between work-related stress and mobility limitations in old age. We had detailed information on mobility ascertained at several time points, and the latest available measurement was used in the analyses. This significantly diminished the dropout rate. Although dropout was small, it may have affected the results, since persons with poor health and more stress at baseline dropped out of the study before the second baseline measurement point in 1985. This could have resulted in a healthy worker effect, meaning that those who remain in the profession, and also in the study, tend to be healthier than those who dropped out, consequently causing underestimation of the risks (Shah 2009 ). After the retirement of the participants, work-related stress questions were modified since the participants were no longer occupationally active. Therefore, we were unable to take into account their subsequent stress levels in the analyses. Long-term stress may start a process of health deterioration, which later manifests in mobility limitations, but we cannot completely rule out the possibility that similar symptoms after retirement caused by other than work-related factors may directly relate to functional limitations. Another limitation of the present study is that data on mobility limitations were not available at baseline, and we cannot rule out that some participants had some mobility limitation at baseline. We do not believe that this would have influenced the results markedly, because all participants were occupationally active at baseline and most probably had only a minimal level on mobility limitations. We also adjusted the analyses for baseline variables which correlate with mobility, including leisure-time physical activity, occupational class, income, smoking, alcohol consumption, and chronic diseases.
This study provided further information on the longitudinal adverse effects of work-related stress in midlife on later health and functioning. Both occasional and constant work-related stress was strongly associated with incident mobility limitations, which is a vital factor in active aging. Preventing work-related stress may lead to more healthy and independent old age, which is preferable not only for the individual but also for the society. Effective interventions aiming to address this problem should focus on both primary and secondary prevention of work stress.
